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Abstract
This thesis presents a solution for integrating document handling technologies 
within the construction industry using metadata in a novel way and providing a 
working solution in the form of an application called Columbus.
The research analyses in detail the problem of project collaboration. It 
concentrates on the usage of document management, project hosting and document 
control systems as important enabling technologies. The creation, exchange and 
recording of information are addressed as key factors for having a unified 
document handling solution.
Metadata is exploited as a technology providing for effective open information 
exchange within and between project participants. The technical issues relating to 
the use of metadata are addressed at length.
The Columbus application is presented as a working solution to this problem. 
Columbus is currently used by over 20000 organisations in 165 countries and has 
become a standard for information exchange. The main benefit of Columbus has 
been in getting other project participants to send metadata with their electronic 
documents and in dealing with project archival. This has worked very well on 
numerous projects, saving countless man-hours of data input time, document 
cataloguing and searching. The application is presented in detail from both 
commercial and technical perspectives and is shown as an open solution, which 
can be extended by third parties.
The commercial success of Columbus is discussed by means of a number of 
reviews and case studies that cover its usage within the industry. In 2000, it was 
granted an Institution of Civil Engineers' Special Award in recognition of its 
contribution to the Latham and Egan initiatives for facilitating information 
exchange within the construction industry.
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<?xml version="1.0"?>
<documentlnformation
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
xsi:noNamespaceSchemaLocation="cbs-format-acad.xsd" >
<dublinCoreProperties>
<identifier>zelg-115.dwg</identifier
< type>drawing</type>
< format>acad</format>
<title>Mechanical Services 2nd Floor Stair Riser</title>
<subject></subject>
<description>d</description>
<date>25-MAY-2001</date>
<creator>Juan Herrero</creator>
<publisher>ARUP</publisher> 
</dublinCoreProperties>
<extendedProperties>
<number>M10-212</number>
<status>construe tion</s tatus>
<revision>A</revision>
<generator>CADtools</generator> 
</extendedProperties>
<jobDetails>
<name>8 Westminster Avenue</name>
<number>51221-00</number> 
</jobDetails >
<references>
<itemldentifier>eplg-115.dwg</itemldentifier >
<itemldentifier>xklO-100.dwg</itemldentifier > 
</references>
<previewlmage>
ZjMzAJkzMwDMMzMA/zMzAABmMwAzZjMAZmYzSmZAADMmQAzzJkAZsyuW 
X j PMAJk z z ADMMfiwA / Z PMAABmzAAZ ZswAZmbMAJ Imz ADMZswA/ 2bMAACZ 
DMAAAZ zAAzM8wA/MAJn/ ZADM/ SwACAzmcwAZpnMAJmZS zMAAD/ ZAAz / 8 
zADMmcwA/5nMAAI»IzAAzzMwAZszMAJnMzADMzMwA/Avr6+vuy+vtzc3N
</previewlmage>
<transmittalDetails>
<issueBy>Juan Herrero</issueBy>
<issueTo>Martin Smith</issueTo>
<purposeOf!ssue>For Review</purpose0flssue >
<sharedRepository> ftp://projects.westave.com/</sharedRepository>
<issueIdentifier>ISS44399922AY</issue!dentifier >
<respondBy>12-MAY-2003</respondBy> 
</transmittalDetails>
<typeSpecific!nformation> 
<layers>
<layer>Z010LXOOO</layer> 
<layer>Z010HXOOO</layer> 
</layers> 
</typeSpecificInformation>
<formatSpecificInformation> 
<blocks>
<block>SBC-KEY</block> 
<block>SCALEBAR</block> 
</blocks> 
<obj ec tEnablers>
<application>Architectural Desktop</application> 
</obj ectEnablers> 
</formatSpecificInformation> 
</document!nformation >

<?xml version="1.0" encoding="UTF-8"?>
<xsd:schema xmlns:xsd=*http://www.w3.org/2001/XMLSchema">
<'. 
This PARTIAL SCHEMA defines the basic common elements that all documents can share 
With the exception of dublinCoreProerties/identifier, all others elements are optional 
Transmittal details, typeSpecificlnformation and typeSpecificlnformation are refered to. 
But need to to be defined by type and format specific schemas.
-->
<xsd:element name="documen<tlnfottnation" type="DocumentInformation"/>
<xsd:camplexType name="DocumentInformation" > 
<xsd:sequente>
<!  Dublin Core Properties
These are defined semantically by the Dublin Core standard  >
<xsd:: element name="dublinCoreProperties" minOccurs="l" maxOccurs="l"> 
<xsd :complexType> 
<xsd:sequence>
<xsd:element name="identifier" type="xsd:string" minOccurs="l" maxOccurs="l" /> 
<xsd:element name="type" type="xsd:string" minOccurs="0" maxOccurs="l" /> 
<xsd:element name="format" type="xsd:string" »inOccurs="0" maxOccurs="l" /> 
<xsdtelement name="title" type="xsd:string" minOccurs="0" maxOccurs="l" /> 
<xsd:element name="subject" type="xsd:string" minOccurs="0" maxOccurs="l" /> 
<xsd:element name="description" type="xsd:string" minOccurs="0" maxOccurs="l" /> 
<xsd:element name="date" type="xsd:string" minOccurs="0" maxOccurs="l" /> 
<xsd:element name="creator" type="xsd:string" minOccurs="0" maxOccurs="l" /> 
<xsd:element name="publisher" type="xsd:string" minOccurs="0" maxOccurs="1" /> 
< /xsd:sequence> 
</xsd:complexType> 
</xsd:element>
<!  Extended Properties.
Additional optional properties that go beyond the Dublin Core.  >
<xsd:element name="extendedProperties" minOccurs="0" maxOccurs="l"> 
<xsd:complexType> 
<xsd :sequence>
<xsd:element name="number" type="xsd:string" minOccurs="0" maxOccurs="l" /> 
<xsd:element name="status" type="xsd:string" minOccurs="0" maxOccurs="l" /> 
<xsd:element name="revision" type="xsd:string" minOccurs="0" maxOccurs="l" /> 
<xsd:element name="generator" type="xsd:string" minOccurs="0" maxOccurs="l" /> 
</xsd:sequence> 
</xsd:complexType> 
</xsd:element>
<\  Job Details  >
<xsd:element name="jobDetails" minOccurs="0" maxOccurs="l"> 
<xsd:complexType> 
<xsd: sequenco
<xsd:element name="name" type="xsd:string" minOccurs="0" maxOccurs="l" /> 
<xsd:element name="number" type="xsd:string" minOccurs="0" maxOccurs="l" /> 
</xsd.- sequence> 
</xsd:complexType> 
</xsd:element>
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<!-- References
All dependent documents such as xrefs are listed here by item identifier  > 
<xsd:element name-"references" minOccurs="0" maxOccurs="l"> 
<xsd:complexType> 
<xsd :sequence>
<xsd:element name="itemldentifier" type="xsd:string" minOccurs="0" maxOccurs="unbounded' /> 
</xsd:sequence> 
</xsd:complexType> 
</xsd:element>
<!  Preview Image.This is a BASE64 encoded preview image of the document --> 
<xsd:element name="previewlmage" type="xsd:base64Binary" minOccurs="0" maxOccurs="l"/>
<!  The following definitions exist so that any format specific xml document 
can be validated by the generic schema  >
<!  Placeholder for any TRANSMITTAL information. >
<xsd:element name="transmittalDetails" minOccurs="0" maxOccurs="l" type="TransmittalDetails" />
<!  Placeholder for any information that is specific to this document TYPE.--> 
<xsd:element name="typeSpecificInformation" minOccurs="0" maxOccurs="l"
type="TypeSpecificInformation" />
<!-- Placeholder for any information that is specific to this document FORMAT. --> 
<xsd:element name="formatSpecificInformation" minOccurs="0" maxOccurs="1"
type="FormatSpecificlnformation" />
</xsd:sequence> 
</xsd:coroplexType>
</xsd:schema>
<?xml versions"1.0" encodings"UTF-8"?>
<xsd:schema xmlns:xsd="http://www.w3.org/2001/XMLSchema">
<!-- Bring in the Common Document Information Partial Schema --> 
<xsd:include schemaLocation="cbs-common.xsd" />
<!-- TypeSpecificInformation  >
<xsd:complexType name="TypeSpecificlnformation" >
<xsd:sequencex
<xsd:any processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
</xsd:sequence>
<xsd:anyAttribute processContents="lax" /> 
</xsd:complexType>
<!  Format Specific Information -->
<xsd:complexType name="FormatSpecificInformation" >
<xsd:sequence>
<xsd:any processContents="lax" minOccurs="0" maxOccurs="unbounded"/>
</xsd:sequence>
<xsd:anyAttribute processContents="lax" /> 
</xsd:complexType>
<! TransmittalDetails  >
<xsd:complexType name="TransraittalDetails" >
<xsd:seguence>
<xsd:any processContents="lax" minOccvirs="0" maxOccurs="unbovjnded"/>
</xsd:sequence>
<xsd:anyAttribute processContents="lax" /> 
</xsd:complexType>
</xsd:schema>
<?xml version="1.0" encoding="UTF-8"?>
<xsd:schema xmlns:xsd="http://www.w3.org/2001/XMLSchema">
<!  Bring in the Common Document Information Partial Schema  > 
<xsd:include schemaLocation="cbs-common.xsd" />
<!  Type Specific Information  > 
ocsd:complexType name="TypeSpecificInformationn > 
ocsd: sequence>
<!  Layer table  >
<xsd:element name*"layers" minOccurs="0" maxOccurs="l"> 
<xsd:complexType> 
ocsd: sequence>
<xsd:element name="layer" type="xsd:string" minOccurs="0" maxOccurs="unbounded" /> 
</xsd:sequence> 
</xsd:complexType> 
</xsd:element>
</xsd:seguence> 
</xsd:complexType>
<!  Format Specific Information  > 
<xsd:complexType name="FormatSpecificlnformation" > 
<xsd:sequence>
<!  Block table -->
<xsd:element name="blocks" minOccurs="0" maxOccurs="1"> 
ocsd:complexType> 
<xsd:sequence>
<xsd:element name="block" type="xsd:string" minOccurs="0" maxOccurs="unbounded" /> 
</xsd:sequence> 
</xsd:complexType> 
</xsd:element>
<!  object enablers table  >
<xsd:element name="objectEnablers" minOccurs="0" maxOccurs="l"> 
ocsd: complexType> 
ocsd: sequence>
<xsd:element name="application" type="xsd:string" minOccurs="0" maxOccurs="unbounded" /> 
</xsd:sequence> 
</xsd:complexType> 
</xsd:element>
</xsd : sequence> 
< /xsd: cotnplexType>
<! TransmittalDetails  >
ocsd:complexType name="TransmittalDetails" >
<xsd:sequence>
<xsd:any processContents="lax" minOccurs="0" raaxOccurs="unbounded"/>
< /xsd:sequence>
<xsd:anyAttribute processContents="lax" /> 
</xsd:complexType>
</xsd:schema>
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AC 10:21 on 25 Jun 2002, the following files were uploaded to:
FTP s«rver: ftp.bcn.com
FTP directory: /Project 2001/arg-elec/issued docs/2002-06-25_1021
4-03-02 plt-dug3 /zelg-115.dwg 106216 bytes - 13/Sep/1999 10:08 
4-03-03 Hodels/Common/XKlO-lOO.dwg 372910 bytes - 10/Sep/1999 14:14 
4-03-03 Hodels/Elec/elg-115.dug 223442 bytes - 27/Aug/1999 18:13
4-03-02 plt-dugs/zelg-116.dug 61776 bytes - 13/Sep/1999 10:08 
4-03-03 Hodels/Elec/elg-116.dug S77S38 bytes - 27/Aug/1999 18:13 
<aissing referenced document: xklO-1000.dwg>
4-03-02 plt-dugs/zelg-122.dwg S1196 bytes -
4-03-03 Hodeis/ComiBon/XKiO-lOO.dvg 372910 bytes
4-03-03 Hodels/Common/XGiO-lOl.dug 84885 bytes -
4-03-03 Hodel3/Common/XV10-102.dug 58531 bytes -
4-03-03 Hodela/Arch/XBlG-lOO.dug 443242 bytes
4-03-03 Hodels/Elec/ElG-120.dug 41959 bytes -
4-03-03 Hodels/Arch/xRlg-lOO.dug 136977 bytes
4-03-03 Hodels/Arch/xulg-lOO.dug 115693 bytes
4-03-02 plt-dogs/zelg-123.dug 51321 bytes -
4-03-03 Hodels/Cominon/XKlO-lOO.dug 372910 bytes
4-03-03 Models/Comaon/XGlO-lOl.dug 84885 bytes -
4-03-03 Models/Common/XV10-103.dug 56882 bytes -
4-03-03 Models/Arch/XBlG-lOO.dvg 443242 bytes
4-03-03 Hodel3/Elec/ElG-120.dug 41959 bytes -
4-03-03 Models/Arch/xRlg-lOO.dug 136977 bytes
4-03-03 Hodels/Arch/xulg-lOO.dug 115693 bytes
13/Sep/1999 10:09
- 10/Sep/1999 14:14 
10/Sep/1999 14:10 
10/Sep/1999 14:29
- 07/Sep/1999 09:55 
27/Aug/1999 18:13
- 10/Sep/1999 11:57
13/Sep/1999 10:09
- 10/Sep/1999 14:14 
10/Sep/1999 14:10 
10/Sep/1999 14:29
- 07/Sep/1999 09:55 
27/Aug/1999 18:13
- 10/Sep/1999 11:49
- 10/Sep/1999 11:57








"zeig-m.dwg" "ELECTRICAL SERVICES I GROUND FLOOR (H/LJ - N.E. | LIGHTING AND | FIRE ALARM
"zeig-112.dwg" "ELECTRICAL SERVICES j GROUND FLOOR (M/LJ - s.E. | LIGHTING AND j FIRE ALARM L
"zeig-iis.dwg" "ELECTRICAL SERVICES | GROUND FLOOR :| SECURITY ROOM LAYOUT" "3" "A.O."
"zeig-i23.dwg" "ELECTRICAL SERVICES | GROUND FLOOR {L/L) - « **  I SMALL POWER LAYOUT" "4"























































































